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Abstract

Hereditary angioedema (HAE) is a rare and disabling disease for which early diagnosis
and effective therapy are critical. This revision and update of the global WAO/EAACI
guideline on the diagnosis and management of HAE provides up-to-date guidance for
the management of HAE. For this update and revision of the guideline, an international
panel of experts reviewed the existing evidence, developed 28 recommendations, and
established consensus by an online DELPHI process. The goal of these recommenda-
tions and guideline is to help physicians and their patients in making rational decisions
in the management of HAE with deficient C1 inhibitor (type 1) and HAE with dysfunc-
tional C1 inhibitor (type 2), by providing guidance on common and important clinical
issues, such as: (1) How should HAE be diagnosed? (2) When should HAE patients
receive prophylactic on top of on-demand treatment and what treatments should be
used? (3) What are the goals of treatment? (4) Should HAE management be different
for special HAE patient groups such as children or pregnant/breast-feeding women?
and (5) How should HAE patients monitor their disease activity, impact, and control?
It is also the intention of this guideline to help establish global standards for the man-

agement of HAE and to encourage and facilitate the use of recommended diagnostics

KEYWORDS

1 | INTRODUCTION

Hereditary angioedema (HAE) is a rare genetic disease that mani-
fests with episodes of cutaneous or submucosal edema, most com-
monly affecting the skin, the abdomen, and the upper respiratory
tract. HAE is a serious global health problem, for patients and their
families. Evidence-based recommendations are needed to inform
and guide clinical decision makers.

The most common cause of HAE involves either a deficiency
(type 1) or dysfunction (type 2) of C1 inhibitor (C1-INH),“? which
leads to the overproduction of bradykinin and activation of bradyki-
nin B2 receptors. This increases vascular permeability and results in
angioedema attacks.®

This is the second revision and update of the international
guideline for the diagnosis and management of HAE,*° which
was developed by the World Allergy Organization (WAO) in col-
laboration with the European Academy of Allergy and Clinical
Immunology (EAACI). This revised and updated WAO/EAACI
guideline on the diagnosis and management of HAE differs from
previous versions and other guidelines, consensus reports, and po-
sition papers®~*?in that it builds on the most recently published ev-
idence on HAE and the expertise and experience of a global panel
of experts. Published evidence was identified by a structured and
incremental review and assessed systematically and transparently
for its quality, considering the Appraisal of Guidelines Research
and Evaluation (AGREE II) Instrument and the methods suggested

and therapies for all patients.

C1 inhibitor, DELPHI, disease control, guideline, hereditary angioedema, management

by the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) working group.?® In line with the GRADE
approach, this revision and update of the guideline acknowledges
that evidence alone is insufficient to guide treatment decisions,
and it incorporates values and preferences as well as clinical cir-
cumstances and expertise.

A global and diverse panel of expert clinicians, scientists, HAE
patients and patient advocates was assembled for the development
of this update and revision of the guideline. The expert panel com-
position reflects the global nature of this guideline, with geographi-
cal and gender balance of its members. Given that the management
of patients with angioedema requires an interdisciplinary approach,
specialists from different fields were involved including allergology,
dermatology, emergency medicine, gastroenterology, hematology,
immunology, internal medicine, otolaryngology, and pediatrics.

The efforts of the expert panel were coordinated by the mem-
bers of the steering committee (MMau, MMag, SB and TC). All physi-
cian/clinician panel members needed to be actively treating patients
with angioedema and/or be involved in research directly related to
angioedema. All expert panel members provided financial disclosure.
This guideline is unique in that global involvement was ensured by
the participation of international experts from five continents and 28
different countries. All expert panel members obtained a mandate to
be the delegate of a national or international scientific society, which
confirmed in writing that it nominated the expert as its delegate, and
that it endorsed the guideline and will help with its dissemination.
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Most of these experts were nominated by Allergy and Immunology
Associations of different countries affiliated to the WAO.

The goal of this guideline is to provide clinicians and their patients
with guidance that will assist them in making rational decisions in the
management of HAE, primarily HAE type 1 and type 2 (HAE-1/2).
The reason to not focus upon HAE with normal C1 inhibitor is that,
for most patients, there is not a diagnostic test. In addition, genetic
testing can only identify a small subset of those suspected to have
the disease. Lastly, in some of the newly identified genetic abnormal-
ities, bradykinin's role as the main mediator of the edema is question-
able. This suggests re-evaluation of HAE with normal C1 inhibitor is
required. To this end, 28 recommendations (numbered and given in
framed boxes) were developed, of which seven are new, 13 are re-
vised, and eight are unchanged, compared with the previous version
of this guideline. Key questions covered by these recommendations
include (1) How should HAE be defined and classified? (2) How should
HAE be diagnosed? (3) How should HAE patients be treated, and what
treatment options should be used? (4) What are the goals of treating
HAE? (5) Should HAE management be different for special patient
groups such as children and pregnant/breast-feeding women? and (6)
How should HAE patients monitor their disease activity, impact, and
control? It is important to note that access to modern diagnostics and
therapies for HAE patients is limited in certain areas of the world.**
It is the intention of this revision and update of the guideline to help
change this and to encourage and facilitate the global use of recom-

mended diagnostics and therapies for all patients.

2 | METHODS

2.1 | Selection of key questions, wording of
recommendations

All authors were assigned to one of four taskforces, each dedicated
to a defined HAE subject area: (1) nomenclature and diagnosis, (2)
on-demand therapy, (3) prophylaxis, and (4) special populations and
management considerations. First, the taskforces were asked to re-
view the existing recommendations from the previous WAO/EAACI
guideline on HAE in their subject area and to assess these recom-
mendations for accuracy and relevance to current practice.*> The
taskforce members were then asked to critically review the wording
and to update it if is necessary. The taskforces were also asked to
consider if new recommendations were needed and to develop them
accordingly. The taskforces searched and reviewed the literature re-
lated to each recommendation.

The recommendations provided by this guideline use standard-
ized wording, ie, “we recommend” or “we suggest”. “We recommend”
reflects a strong recommendation, implying: (1) that all or almost all
informed people would make that choice, (2) that less time is needed
for health care providers to make decisions and more time is avail-
able for overcoming barriers to their implementation and adherence,
and (3) that, in most clinical situations, the recommendation may be
adopted as policy. “We suggest” reflects a weak recommendation

implying: (1) that most informed people would make that choice, but
a substantial number would not, (2) that health care providers and
patients will need to devote more time on the process of decision
making as compared to strong recommendations, and (3) that policy
making may require the use of further resources. Importantly, this
guideline acknowledges and aims to mitigate the disparity in health
care resources for the management of HAE between countries. The
recommendations in this guideline are meant to inform an optimal ap-
proach to HAE, by developing global standards for the diagnosis and
treatment of HAE. This guideline will be in force for the next 4 years
after its publication, when it will be updated and revised. Novel in-
sights and improved tools, diagnostics and treatments that materialize
before the next revision and update of this guideline should be used

to improve the management of HAE as soon as they become available.

2.2 | Literature search and review

For the update and revision of recommendations from the previous
version of the guideline, a systematic search of the literature from
1 June 2016 was performed. For new and additional recommenda-
tions (recommendations 3, 11, 13, 16, 17, 19, and 25), as well as for
pre-existing recommendations with a revised wording (recommen-
dations 1, 2, 4, 5, 7, 9, 10, 12, 14, 18, 21, 22, and 28), a complete
search from 1 January 1985 was performed. Relevant information
was extracted from the publications identified, and their quality was
assessed with the help of a standardized worksheet as described be-
fore.*> Each manuscript/trial included in the guideline was evaluated
with regard to its methodological quality (Table 1), and the literature
search and evaluation process continued during the review process
and manuscript development and was continuously updated until
19 July 2021.

2.3 | Consensus procedures

Consensus was established as described in the previous revision of
the WAO/EAACI guideline for HAE, with the exception that an on-
line DELPHI process was used rather than a consensus conference,
due to the COVID-19 pandemic. The DELPHI process was facilitated

TABLE 1 Evidence grades

A. Randomized, double-blind clinical trial of high quality (eg, sample
size calculation, flow chart of patient inclusion, intention-to-treat
(ITT) analysis and sufficient sample size)

B. Randomized clinical trial of lesser quality (eg, only single-blind,
limited sample size: at least 15 patients per study arm)

C. Comparative trial with severe methodological limitations (eg,
not blinded, very small sample size and no randomization) or
large retrospective observational study, large open-label-study,
registry data

D. Adapted from existing consensus document or statement based
on expert opinion voting during consensus conference, evidence
non A-C
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by KW, with the help of dedicated software (Welphi®; decisioneyes,
Lisbon, Portugal). The DELPHI process is a validated approach to
evaluate and to refine group opinion through iterative rounds of
questioning. The anonymity of this process is key and enables views
to be changed over the course of the process, while ensuring that
opinions are considered equally.'®

The DELPHI panel comprised the voting members of the expert
panel including the members of the steering committee. The Delphi
process was performed in two rounds, the final round of which
achieved consensus on all 28 recommendations of the guideline.
In round 1 (22 days from 11 November to 3 December 2020) and
round 2 (15 days from 29 January to 11 February 2021), 53 and
52 participants took part, respectively. All participants voted on all
suggested recommendations provided by the taskforces; accord-
ingly, the absolute number of voters was 53 or 52 for all recom-
mendations. In round 1, recommendations developed by the four
task forces were evaluated by all participants with the two options
‘| agree to the text and the strength of the recommendation’ or ‘I
do not agree. In case participants did not agree, they were asked
to make a specific suggestion for an alternative recommendation
wording together with a justification for the suggested change. All
participants had the opportunity to provide additional feedback
with free-text responses. Respondents were asked to consider their
clinical experience, the patient management approach followed in
their practice, and their broader knowledge on HAE. The steering
committee members revised the recommendations based on the
results and feedback obtained in round 1 and provided feedback to
all comments made.

In round 2, to gain consensus, respondents were asked if they
agree or disagree with each revised recommendation. Strong con-
sensus and consensus were defined, a priori, as agreement by at least
>90% and >75% of respondents, and percentage agreement was re-
corded for each recommendation.' Again, the steering committee
members addressed the comments made by expert panel members
and provided to all of them. The input of expert panel members from
both DELPHI rounds was used to develop the final version of the

manuscript, which was consented for publication by all.

2.4 | Presentation of recommendations

Each recommendation is shown in a box, which contains (1) the rec-
ommendation, (2) the level of consensus reached, and (3) the level of

quality of the data that support the recommendation.

3 | DEFINITIONS, NOMENCLATURE, AND
CLASSIFICATION

Angioedema is characterized by a transient vascular reaction of deep
dermal/subcutaneous tissues or mucosal/submucosal tissues with
localized increased permeability of blood vessels resulting in tissue
swelling.t’2! Angioedema can be mediated by bradykinin and/or

TABLE 2 Classification of angioedema

Unknown mediator

Mast cell mediator-induced AE

Bradykinin-induced AE

Idiopathic AE

non-lgE-mediated

IgE-mediated

C1-INH normal

C1-INH deficiency/defect

Acquired

Inherited

Acquired

Inherited

Angioedema with or

Angioedema with anaphylaxis

HAE-nC1-INH (HAE-FXII, HAE-PLG, HAE- ACEI-AE

AAE-C1-INH

HAE-1

without wheals

Angioedema with or without wheals
(Urticaria)

Other drug-induced AE*

KNG1, HAE-HS3STé, HAE-ANGPTI*,

HAE-MYOF*, HAE-UNK)

HAE-2

(Urticaria)

Note: HAE-1: hereditary angioedema due to C1-inhibitor deficiency; HAE-2: hereditary angioedema due to C1-inhibitor dysfunction; AAE-C1-INH: acquired angioedema due to C1-inhibitor deficiency;

HAE-nC1-INH: hereditary angioedema with normal C1-Inhibitor levels, either due to a mutation in FXII (Factor 12), ANGPT1 (angiopoietin-1), PLG (plasminogen), KNG1 (kininogen), MYOF (myoferlin) and

HS3ST6 (heparan sulfate-glucosamine 3-O-sulfotransferase 6) or unknown (UNK). ¥ HAE-ANGPT1 and HAE-MYOF are due to mutations involving the vascular endothelium and the role of bradykinin as

mediator of angioedema symptoms seems to be an indirect or conditional one. ACEI-AE angiotensin-converting enzyme inhibitor-induced angioedema, * other drugs like angiotensin Il receptor blockers,

gliptins, neprilysin inhibitors or tissue plasminogen activators are thought to potentially induce bradykinin-mediated AE.

WiLEY-L2®
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mast cell mediators including histamine (Table 2).2%726 Bradykinin-
mediated angioedema is either hereditary or acquired. Hereditary
angioedema (HAE) can be due to a deficiency/defect of C1 inhibitor
(C1-INH) or other mechanisms (Table 2).27’29 Different forms of he-
reditary angioedema (HAE) are currently recognized and genetically
identifiable: (1) HAE due to C1-INH deficiency (Type 1 HAE, HAE-1),
characterized by low antigenic and functional C1-INH levels; (2) HAE
due to C1-INH dysfunction (Type 2 HAE, HAE-2), characterized by
normal (or elevated) antigenic but low functional C1-INH levels,?
(3) HAE with mutation in the factor Xl gene (HAE-FXII)3%3%; (4)
HAE with mutation in the angiopoietin-1 gene (HAE-ANGPT1)%?; (5)
HAE with mutation in the plasminogen gene (HAE-PLG),%® (6) HAE
with mutation in the kininogen 1 gene (HAE-KNG1),** (7) HAE with
mutation in the myoferlin gene (HAE-MYOF),%> and (8) HAE with
mutation in the heparan sulfate 3-O-sulfotransferase 6 gene (HAE-
HS35T6).%¢ In addition, some patients have HAE due to unknown
mutations (HAE-UNK). The different forms of HAE share some clini-
cal features and, possibly, therapeutic options.”%8

There are several types of bradykinin-mediated acquired
angioedema. Underlying causes include acquired C1-INH de-
ficiency with low C1 inhibitor (AAE-C1-INH), and angiotensin-
converting enzyme (ACE) inhibitors induced angioedema (ACEI-AE)
(Table 2).2744 These types of angioedema share some clinical fea-
tures and treatment options with HAE.

4 | THE PATHOPHYSIOLOGY OF HAE
4.1 | The pathophysiology of HAE-1 and HAE-2

HAE-1/2 is a rare autosomal dominant disease that is estimated
to affect, globally, 1 in 50,000 individuals.*>=® HAE-1/2 is caused
by a mutation in the SERPING1 gene, which codes for C1-INH.%°
Currently, more than 700 different SERPING1 variants are known
to be linked to HAE-1/2.%° In approximately 20%-25% of pa-
tients, a de novo mutation of SERPING1 is responsible for the
disease.?158

C1-INH is a serine protease inhibitor (SERPIN) and the major
inhibitor of several complement proteases (Cir, C1s, and mannose-
binding lectin-associated serine protease [MASP] 1 and 2) and
contact-system proteases (plasma kallikrein and coagulation factor
Xlla) as well as a relatively minor inhibitor of the fibrinolytic prote-
ase plasmin.>4->¢

The primary mediator of swelling in HAE-1/2 is bradykinin,® a
low molecular weight nonapeptide that is generated when active
plasma kallikrein cleaves high molecular weight kininogen (HMWK).
Bradykinin is rapidly metabolized by endogenous metalloproteases
including angiotensin-converting enzyme (ACE). Plasma kallikrein
is activated from its inactive zymogen prekallikrein by the prote-
ase factor Xll, which autoactivates upon contact with negatively
charged surfaces. Both, plasma kallikrein and factor Xll are in-

hibited by C1-INH. Increased vascular permeability and swelling

induced by bradykinin are primarily mediated through the bradyki-

nin B2 receptor.56'61

4.2 | The pathophysiology of HAE with normal
C1 inhibitor

HAE with normal C1-INH (HAE-nC1-INH) is a group of very rare
diseases. The clinical appearance of HAE-nC1-INH largely resem-
bles that of HAE-1/2.38 Six types of HAE-nC1-INH are currently
recognized, based on underlying mutations of (1) factor XII (FXII),
(2) angiopoietin-1 (ANGPT1), (3) plasminogen (PLG), (4) kininogen 1
(KNG1), (5) myoferlin (MYOF), and (6) heparan sulfate-glucosamine
3-O-sulfotransferase 6 (H$35T6).3°-%¢ However, in many patients
with HAE-nC1-INH, no gene mutation can be found, and the
pathogenesis remains to be characterized in detail. There is clinical
evidence that bradykinin may play a major role in most types of HAE-
nC1-INH, primarily in patients with HAE-FXII and HAE-PLG.#%¢3
HAE-ANGPT1 and HAE-MYOF are due to mutations involving the
vascular endothelium.®> Although HAE-nC1-INH shares some clini-
cal features and, possibly, therapeutic options with HAE-1/2, this
guideline focuses on HAE-1/2.

5 | THE DIAGNOSIS OF HAE

HAE-1/2 should be suspected when a patient presents with a his-
tory of recurrent swelling of the skin (extremities, face and genitals),
gastrointestinal attacks (painful abdominal cramps and/or laryngeal
edema). Suspicion of HAE-1/2 is further suspected when patients re-
port any or all of the following: (1) a positive family history (although
this may not be present in up to 25% of patients), (2) onset of symp-
toms in childhood/adolescence, (3) recurrent and painful abdominal
symptoms, (4) occurrence of upper airway edema, (5) failure to re-
spond to antihistamines, glucocorticoids, omalizumab or epineph-
rine, (6) presence of prodromal signs or symptoms before swellings
and (7) the absence of wheals. Suspicion of HAE-1/2 should prompt
laboratory investigations to support the diagnosis of HAE-1/2.10:6465

Measurements of serum/plasma levels of C1-INH function, C1-
INH protein, and C4 are used to diagnose HAE-1/2 (Recommendation
1, Figure 1). With the combined use of these three tests, the diagnos-
tic accuracy for identifying HAE-1/2 is very high, higher than with
the use of any of the three alone.®®=¢’ This guideline acknowledges
that the availability and quality of tests for C1-INH function, C1-INH
protein, and C4 vary throughout the world, necessitating physicians
in some countries to adapt their own diagnostic approach (eg, the
sensitivity of a C4 test can be increased by drawing blood during
an emerging attack, but without improving specificity). In countries
where recommended diagnostic tests are not available, these guide-
lines should be used to advocate to health authorities to fund the
appropriate diagnostic testing to decrease mortality and morbidity
associated with HAE.1*
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In HAE-1, which comprises about 85% of HAE-1/2 patients, both
the concentration and function of C1-INH are low (<50% of nor-
mal) (Table 3). In HAE-2, C1-INH concentrations are either normal
or elevated, whereas C1-INH function is reduced (<50% of normal).
C4 levels are usually low in HAE-1/2 patients, but the sensitivity and
specificity of C4 as a marker for HAE are limited.®®®”?”7! Because
of this, its use for screening patients and its use as only parameter to
diagnose HAE-1/2 are not recommended. Complement C3 levels are
expected to be normal in HAE, and testing is not helpful. Sequencing
of the SERPING1 gene can be supportive in the diagnostic workup of
some HAE-1/2 patients (including prenatal diagnosis); however, bio-
chemical C1-INH testing is effective and less expensive than genetic
testing.70 DNA sequencing may miss mutations such as those creating
cryptic splice sites. Genetic testing may be relevant in particular cases

such as mosaicisms in order to allow for correct genetic r:ounseling.72'73

RECOMMENDATION 1

We recommend that all patients suspected to have HAE are
assessed for blood levels of C1-INH function, C1-INH protein,
and C4.

92% agreement, evidence level D

Test results that point to HAE-1/2 should be confirmed,
ie, testing should be repeated, ideally in a certified laboratory
(Recommendation 2). The same is true for inconsistent results or
results in contradiction to the phenotype.®® HAE implicates nu-
merous and life-long consequences, for patients and their fam-
ilies; so, its diagnosis should be based on confirmed test results
(Figure 1). Tests for C1-INH, by many laboratories, are performed
infrequently, which runs the risk of false-positive and false-negative
results, which is mitigated by repeat testing. More robust tests are
under development.”*
C1-INH function, C1-INH protein, and C4 refers only to the initial

diagnosis of HAE. There is no indication for repeated testing once

The recommendation to repeat testing for

the diagnosis has been established. Of note, confirmation of HAE
by repeat testing, in patients who tested positive, must not delay
effective treatment.

RECOMMENDATION 2

We suggest that testing for C1-INH function, C1-INH protein, and
C4 is repeated in patients who test positive, to confirm the
diagnosis of HAE-1/2.

87% agreement, evidence level D

6 | THE DIFFERENTIAL DIAGNOSIS OF
HAE

The differential diagnoses of HAE-1/2 include HAE with normal C1
inhibitor, bradykinin-mediated types of acquired angioedema such
as AAE-C1-INH and ACEI-AE, and mast cell-mediated types of ac-
quired angioedema, such as angioedema in patients with chronic
spontaneous urticaria without wheals and allergic angioedema, as
well as idiopathic acquired angioedema (Table 2).22°274 Because the

pathophysiology and the management of these diseases are differ-
ent from those of HAE-1/2, it is important to determine the correct
diagnosis.

Using laboratory tests, HAE with normal C1 inhibitor can cur-
rently only be diagnosed by genetic testing, which is becoming
increasingly available. In patients with normal C1-INH levels and
function suspected to have HAE, genetic testing should be per-
formed (Recommendation 3). Currently, this should include testing
for HAE with mutation in the factor XIl gene (HAE-FXII), HAE with
mutation in the angiopoietin-1 gene (HAE-ANGPT1), HAE with mu-
tation in the plasminogen gene (HAE-PLG), HAE with mutation in
the kininogen 1 gene (HAE-KNG1), HAE with mutation in the my-
oferlin gene (HAE-MYOF), and HAE with mutation in the heparan
sulfate 3-O-sulfotransferase 6 gene (HAE-HS35T6).20-3¢ Additional
mutations are likely to be identified in the future and should be in-
cluded in the genetic diagnostic workup for HAE.”® This guideline
works with the intention that recommended diagnostic procedures,
eg, genetic testing, should be used where available and that other
options should be considered where recommended procedures are
not available. Family history is an important tool for identifying pa-
tients with HAE-nC1-INH.”®

RECOMMENDATION 3

We recommend that patients who are suspected to have HAE and
have normal C1-INH levels and function are assessed for known
mutations underlying HAE-nC1-INH

91% agreement, evidence level D

AAE-C1-INH occurs less frequently than HAE-1/2. AAE-C1-INH
symptoms are similar to those of HAE-1/2, and the basic diagnos-
tic laboratory profile (C1-INH function, C1-INH protein and C4) is
indistinguishable from HAE-1. Differences include onset at later
age, underlying diseases such as lymphoma or benign monoclonal
gammopathy (MGUS), occasional constitutional symptoms (B symp-
toms), and often decreased C1q levels.’***7778 C1q level should be
measured to investigate patients for AAE-C1-INH, especially those
with new onset of angioedema after the age of 30 years and a neg-
ative family history. C1q is nearly always normal in HAE.** C1q is
low in 75% of patients with AAE-C1-INH.”? C1q may be normal in
AAE-C1-INH, particularly in patients taking anabolic androgens.
Many patients with AAE-C1-INH have autoantibodies that inacti-
vate C1-INH.””#0

Patients who are diagnosed with ACEI-AE should be tested for
HAE-1/2, as the occurrence of angioedema attacks after the initia-
tion of treatment with an ACE inhibitor may point to previously as-
ymptomatic HAE.8! Angioedema attacks in patients with ACEI-AE
inhibitors are thought to be bradykinin-mediated.38'82’85

Recurrent mast cell-mediated angioedema is frequently associ-
ated with intensely pruritic wheals (hives) in patients with chronic
spontaneous urticaria (CSU). Some CSU patients do not develop
wheals and exclusively have angioedema.?*® Importantly, CSU is
a common disease, which can also affect HAE patients.87’88 The oc-
currence of wheals, therefore, does not necessarily exclude HAE,
and the absence of wheals does not exclude mast cell-mediated
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| Suspicion of HAE

C4 level

C1-INH function
C1-INH level

v

y

C1-INH function !

C1-INH function 1

C1-INH function n

negative and onset of
symptoms after 30y of
age exclude

C1-INH level 1 C1-INH level. n/t C1-INH level. n
C4 level 1 C4 level 1 C4 level n
family hist. positive or family hist. negative and
mutation causative of no mutation causative of
HAE nC1-INH HAE nC1-INH
AAE-C1-INH HAE-1 HAE-2 HAE nC1-INH (HAE- -mast cell mediator
confirm by repeating confirm by repeating FXIl, HAE-ANGPTI, induced AE
blood test blood test HAE-PLG, HAE-KNG1, -idiopathic AE
HAE-MYOF, HAE- -ACEI-AE*
when family history HS3ST6, HAE-UNK)

FIGURE 1 Diagnostic workup in patients suspected to have HAE. HAE-1: hereditary angioedema due to C1-inhibitor deficiency; HAE-2:
hereditary angioedema due to Cl1-inhibitor dysfunction; AAE-C1-INH: acquired angioedema due to Cl-inhibitor deficiency; HAE-nC1-INH:
hereditary angioedema with normal C1-inhibitor levels, either due to a mutation in ANGPT1 (angiopoietin-1), PLG (plasminogen), KNG1

(kininogen), MYOF (myoferlin) and HS3STé (heparan sulfate-glucosamine 3-O-sulfotransferase 6) or unknown (UNK). ACEi-AE angiotensin-
converting enzyme inhibitor-induced angioedema, * other drugs like angiotensin Il receptor blockers, gliptins, neprilysin inhibitors or tissue

plasminogen activators might induce bradykinin-mediated

TABLE 3 Typical diagnostic laboratory profile of HAE-1 and
HAE-2 patients

C1-INH C1-INH C4 protein
function protein level level
HAE-1 ! ! !
HAE-2 1 N/t {

Note: The most straightforward parameter is the assessment of C1-INH
function, which is low in HAE-1 and 2. For daily routine diagnostic
purposes, three commercial test kits are available. The read outs are
either by chromogenic substrates or the formation of C1-INH-C1s
complexes. For apparent C1-INH function, the read out matters. Only
skilled laboratories can provide correct interpretation of results. In
HAE-1, the concentration of the inhibitory protein is low (<50% of the
normal mean), while in HAE-2 the concentration is normal or elevated.

angioedema.?’ Nonsedating antihistamines, at standard or higher
than standard doses, alone or in combination with omalizumab or
immune modulators such as cyclosporine can prevent wheals and
angioedema in CSU patients.g“"90 Because mast cell-mediated an-
gioedema is far more common than HAE-1/2, on-demand ther-
apy with antihistamines and, if necessary, with epinephrine and

corticosteroids, is indicated when the diagnosis is not yet deter-

mined and the history seems to be inconsistent with HAE.7+78

7 | ON-DEMAND TREATMENT OF HAE
ATTACKS

HAE attacks of the upper airways can result in asphyxiation.(""97
Abdominal attacks are painful and debilitating.”®71%° Peripheral
attacks such as those of hands or feet result in impaired func-
tion.°? All of these consequences of HAE attacks can be mini-
mized by on-demand treatment,’°?1%% and on-demand treatment
should, therefore, be considered to be used to treat all attacks

(Recommendation 4).
RECOMMENDATION 4

We recommend that all attacks are considered for on-demand
treatment.

98% agreement, evidence level D

On-demand treatment of attacks that affect or that may affect
the upper airway is mandatory (Recommendation 5).104-106
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RECOMMENDATION 5
We recommend that any attack affecting or potentially affecting
the upper airway is treated.

100% agreement, evidence level C

Early on-demand treatment of HAE attacks with intravenous-C1-
INH, ecallantide or icatibant provides a better treatment response
than late treatment, and HAE attacks should, therefore, be treated
as early as possible (Recommendation 6).107-110 Early treatment is as-
sociated with a shorter time to resolution of symptoms and shorter
total attack duration regardless of attack severity.®! As early
treatment is facilitated by self-administration, all patients with HAE-
1/2 should be considered for home therapy and self-administration
training. In many patients, a significant number of attacks are pre-
ceded by prodromal symptoms, and in some, this may be an oppor-
tunity to treat before an attack occurs. The specificity of prodromes
is still not known, and this may lead to over usage of on-demand
therapy.t*211> All C1-INH concentrates and icatibant are licensed
for self-administration, although approved product indications vary

around the world. 1167120
RECOMMENDATION 6

We recommend that attacks are treated as early as possible.

100% agreement, evidence level B

For HAE-1/2, icatibant, ecallantide and intravenous C1-
INH are the recommended on-demand treatments of choice
(Recommendation 7).121'126 Where these first-line therapies are not
available, attacks should be treated with solvent detergent-treated
plasma (SDP). If SDP is not available, attacks should be treated with
fresh frozen plasma (FFP), where safe supply is available.*?”"2? wWe
advise against the use of antifibrinolytics (eg, tranexamic acid) or an-

130 a

drogens (eg, danazol) for on-demand treatment of HAE attacks, s

these drugs show no or only minimal benefit.

71 | On-demand treatment with C1 inhibitor

Treatment with plasma-derived or recombinant C1-INH replaces
the deficient/dysfunctional protein in HAE-1/2 patients. Exogenous
C1-INH acts on the same targets as endogenous C1-INH. Treatment
results in an increase of the plasma levels of C1-INH and helps to
regulate all cascade systems involved in the production of brady-
kinin during attacks.10>122131-133 Ope unit of C1-INH concentrate
corresponds to the mean quantity of C1-INH present in 1 ml of fresh
normal plasma. For on-demand treatment, only the intravenous ap-
plication of C1-INH is effective.134-1%

Plasma-derived C1-INH (pdC1-INH) is obtained by separat-
ing C1-INH from cryodepleted human plasma by adsorption and
precipitation, purification, pasteurization and virus filtration. Two
pdC1-INH concentrates are available for on-demand treatment of
HAE-1/2, Berinert (CSL Behring) and Cinryze (Takeda). Approved
product indications vary around the world. The mean plasma half-life

of pdC1-INH is longer than 30 h.13*1%8 The safety and tolerability of
all available pdC1-INH are good, and few adverse events have been
reported. The risk of allergic reactions is negligible. Modern pdC1-
INH use has neither been associated with transmission of hepatitis B
or C nor human immunodeficiency viruses. 7142

Ruconest (Pharming) is the only available recombinant human
C1-INH (rhC1-INH). Its mode of action is identical to that of pdC1-
INH. RhC1-INH is indicated for on-demand treatment of all types
of HAE attacks in adults and children (2 years or older)‘us'143 It is
derived from the milk of transgenic rabbits using a 3-step purifica-
tion procedure including cation-exchange chromatography, anion-
exchange chromatography and affinity chromatography. It appears
that differential glycosylation of Ruconest relative to the human
protein decreases the plasma half-life to approximately 3 h.144-146
Safety data from controlled and uncontrolled studies with rhC1-INH
support a favorable safety profile. Transmission of human viruses is

not a concern.}¥714

7.2 On-demand treatment with the kallikrein
inhibitor ecallantide

The kallikrein inhibitor ecallantide (Kalbitor; Takeda) is licensed only
in the United States and a few Latin American countries for the on-
demand treatment of all types of HAE attacks in HAE-1/2 patients
aged 12 years and older.*®%° |nhibition of kallikrein activity inhibits
the cleavage of high-molecular weight kininogen to bradykinin as well
as the further activation of FXlla, halting the positive feedback mech-
anism leading to additional kallikrein production. Ecallantide is a 60-
amino acid recombinant protein produced by expression in the yeast
Pichia pastoris and has a plasma half-life of 2 h. The main safety con-
cern is potentially serious hypersensitivity reactions, including ana-
phylaxis, which was reported in 3%-4% of treated patients. The drug,
therefore, should only be administered by a health care professional

with appropriate medical support to manage anaphylaxis. 118123151152

7.3 | On-demand treatment with the bradykinin B2
receptor antagonist icatibant

Bradykinin binds to and stimulates the bradykinin B2 recep-
tor, thereby mediating vasodilatation and increased capillary
permeability.*>31% |catibant (Firazyr; Takeda), a 10-amino acid syn-
thetic peptide, is a specific and selective competitive antagonist of
the bradykinin B2 receptor and prevents binding of bradykinin to
its receptor. Icatibant is indicated for self-administered on-demand
treatment of all types of HAE attacks in adults and children.*?° It
has a plasma half-life of 1-2 h. By far the most attacks resolve with
one injection of icatibant.>® The safety and tolerability of icatibant
are good, although transient local injection site reactions (erythema,
wheal, pruritus and burning sensation) may occur. Allergic reactions

have not been reported.t?%1°7-1%7
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RECOMMENDATION 7

We recommend that attacks are treated with either intravenous C1
inhibitor, ecallantide or icatibant

96% agreement, evidence level A

The clinical course of HAE attacks is unpredictable. Mortality
due to laryngeal angioedema occurs, and extreme caution is essen-
tial.””104-196 | 5ryngeal HAE attacks should be considered as medical
emergencies. Rapid treatment with an effective HAE on-demand
medication is essential in addition to preparing for emergency air-
way management procedures if respiratory compromise develops.
Intubation or surgical intervention, after the injection of on-demand
medication, should be considered early in all progressive HAE at-

tacks affecting the upper airway (Recommendation 8).160:161

RECOMMENDATION 8
We recommend that intubation or surgical airway intervention is
considered early in progressive upper airway edema

100% agreement, evidence level D

7.4 | Providing HAE patients with on-
demand medication

HAE is unpredictable, and any attack may be followed by another
one in short succession. It is essential that patients have on-demand
medication to treat all attacks. We, therefore, recommend that all
patients have and carry on-demand medication for the treatment
of at least two attacks (Recommendation 9).1? In patients with fre-
quent attacks, the time it takes to obtain more on-demand medica-
tion should be taken into consideration in the provision of treatment,

so that they never run out of on-demand medication.
RECOMMENDATION 9

We recommend that all patients have sufficient medication for on-
demand treatment of at least two attacks and carry on-demand
medication at all times

100% agreement, evidence level D

8 | SHORT-TERM PROPHYLACTIC
TREATMENT OF HAE

The treatment of HAE patients with the intent of minimizing the
consequent risk of angioedema during exposure situations where
there is an increased risk of an attack is referred to as short-term
prophylaxis, sometimes also called situational prophylaxis.

It is well recognized that surgical trauma, dental surgery and
other interventions associated with mechanical impact to the upper
aerodigestive tract (eg, endotracheal intubation, bronchoscopy or
esophagogastroduodenoscopy) may precipitate angioedema near
the site of intervention. Angioedema associated with these proce-
dures usually occurs within 48 h. Following tooth extraction, more

than one third of patients without preprocedural prophylaxis may
develop local angioedema, and 50% of the swellings occur within
10 h, and 75% start within 24 h.163-168 Preprocedural prophylaxis
reduces the risk of angioedema associated with these interven-
tions. We, therefore, recommend short-term prophylactic treatment
before medical, surgical or dental procedures as well as exposure
to other angioedema attack-inducing events (Recommendation
10).165168-171 Eynert clinical judgment is needed, and individualized
risk assessment should be used in the identification of angioedema-

inducing events that warrant short-term prophylaxis.
RECOMMENDATION 10

We recommend considering short-term prophylaxis before medical,
surgical or dental procedures as well as exposure to other
angioedema attack-inducing events

94% agreement, evidence level C

We recommend the use of intravenous pdC1-INH as first-line

short-term prophylaxis (Recommendation 11),1¢>1¢6:168.170.172

although
evidence for its efficacy is scarce. Case reports and series suggest that
angioedema may occur even after relatively minor procedures de-
spite prophylaxis.lm’166 However, several reports document a reduc-
tion in the incidence of angioedema for both adults and children with
pdC1-INH used intravenously as preprocedural prophylaxis, and the
response appears to be dose-related.}¢>1¢41¢%170 preprocedural pro-
phylaxis with intravenous pdC1-INH concentrate is therefore recom-
mended for all medical, surgical, and dental procedures associated with
any mechanical impact to the upper aerodigestive tract. Intravenous
pdC1-INH concentrate should be used for preprocedural prophylaxis,
as close as possible to the start of the procedure. Dosage has yet to
be fully established. Product-approved indication may vary by coun-
try.126117 Most experts use either 1000 units or a dose of 20 units/kg
of pdC1-INH. Some recent evidence suggests benefit with rhC1-INH
short-term prophylaxis as it reduced the rate of postprocedure HAE at-
tacks compared with control procedures without prophylaxis.t’* This
could be considered if intravenous pdC1-INH is not available.

Fresh frozen plasma (FFP) may be used for short-term prophy-
laxis, but it is not as safe as intravenous pdC1-INH concentrate and
is a second-line agent because of the greater risk of blood-borne
disease transmission and allosensitization.”1+:16%173-176

Attenuated androgens (eg, danazol) have been recommended
in the past for preprocedural prophylaxis as an alternative to intra-
venous pdC1-INH concentrates,'’® but intravenous pdC1-INH con-
centrate is considered the prophylactic agent of choice.*® Frequent
short courses of attenuated androgens may lead to side effects
associated with long-term use. For scheduled preprocedural pro-
phylaxis, androgens are used for 5 days before and 2-3 days poste-
vent. Tranexamic acid has been used for preprocedural prophylaxis
in the past; however, it is not recommended by most guideline
experts/11:169.173-175

With all preprocedural prophylactic treatments, breakthrough
attacks can occur, so patients and treating physicians should be
aware of this increased risk and understand the treatment plan, and

on-demand treatment needs to be available 1116516673176
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Itis possible that short-term prophylaxis should be handled dif-
ferently in patients with complete response to effective long-term
prophylaxis, for example, subcutaneous C1-INH, lanadelumab or
berotralstat. No recommendation on this can be given at this time,
as data are lacking. We encourage studies and reports on the need
for short-term prophylaxis in patients on long-term prophylaxis.

RECOMMENDATION 11
We recommend the use of intravenous plasma-derived C1 inhibitor
as first-line short-term prophylaxis

91% agreement, evidence level C

In addition to specific medical procedures, there can be patient-
specific angioedema-inducing situations such as emotional stress-
ors that can precipitate attacks. Currently, there are no controlled
clinical trials in this area, and data come from personal experience,
retrospective reviews, and surveys. Nevertheless, a similar approach
to short-term prophylaxis should be considered when patients are
exposed to specific situations known to increase the risk of attacks

for a given patient (Recommendation 12).%17¢177

RECOMMENDATION 12
We suggest considering prophylaxis prior to exposure to patient-
specific angioedema-inducing situations

90% agreement, evidence level D

9 | LONG-TERM PROPHYLACTIC
TREATMENT OF HAE

The goals of treatment, in HAE, are to achieve complete control
of the disease and to normalize patients' lives (Recommendation
13).18 This can currently only be achieved by long-term prophylac-
tic treatment, also referred to as long-term prophylaxis (LTP), ie, the
regular use of medication that reduces the burden of the disease by
preventing attacks.

RECOMMENDATION 13

We recommend that the goals of treatment are to achieve total

control of the disease and to normalize patients' lives

100% agreement, evidence level D

Complete control of their disease, for HAE patients, translates
to no longer having attacks. Over the past years, several new long-
term prophylactic treatments have become available. These treat-
ments significantly reduce attack rates, and many patients achieve
complete response. In addition to achieving complete disease con-
trol, treatment of HAE should aim at normalizing the patient's life.
The impact of HAE on health-related QoL is well documented, as
is the reduction of QoL impairment by modern treatment op-
tions.12¢179-183 The availability of modern prophylactic treatments,
personalized disease management and instruments for measuring its
outcome means that complete control of HAE is now a realistic pos-

sibility for many patients.!84-1%°

WiLEYy-L

Long-term prophylaxis should be individualized and considered
in all HAE-1/2 patients taking into consideration the disease ac-
tivity, patient's quality of life, availability of health care resources,
and failure to achieve adequate control by appropriate on-demand
therapy. We, therefore, recommend evaluating patients with HAE
for LTP at every visit, taking disease activity, burden, and control
as well as patient preference into consideration (Recommendation
14).182.194-201 Aq 4| of these factors can vary over time, all patients
should be evaluated for LTP at least once a year. The goal of LTP is to
achieve full control of disease burden while attempting to minimize
treatment burden and side effects. Successful LTP requires a high
degree of compliance; therefore, the patient's preferences should be
taken into consideration. This requires appropriate and comprehen-
sive physician patient communication and allocating time for this.

Patients who use LTP should be assessed regularly for efficacy
and safety of the therapy, and dosage and/or treatment interval
should be adapted according to the clinical response. Upper airway
edema and other attacks may occur despite the use of long-term
prophylaxis.}?>197:202-207 Therefore, all patients using long-term
prophylaxis should also have on-demand medication (intravenous-

C1-INH, ecallantide oricatibant) as per recommendation 7.678,208-212

RECOMMENDATION 14

We recommend that patients are evaluated for long-term
prophylaxis at every visit, taking disease activity, burden, and
control as well as patient preference into consideration

96% agreement, evidence level D

9.1 | Long-term prophylaxis with plasma-derived
C1-INH

Plasma-derived C1-INH is currently a preferred LTP agent for the
prevention of HAE attacks, and we recommend its use as first-
line long-term prophylaxis (Recommendation 15).12¢:197:205.213-216
Approved product indications vary around the world. Dosing should
be twice a week based upon the half-life of pdC1-INH. Dose and/
or frequency may need adjustment for optimum efficacy.lz"”ZU’220
Recent studies show that subcutaneous twice-weekly admin-
istration of pdC1-INH at a dose of 60 U per kilogram bodyweight
provided very good and dose-dependent preventive effects on the
occurrence of HAE attacks.?®> The subcutaneous route may pro-
vide more convenient administration as well as maintain improved
steady-state plasma concentrations of C1-INH compared to LTP with

intravenous C1-INH, allowing for better symptom control..2?1-224

RECOMMENDATION 15

We recommend the use of plasma-derived C1 inhibitor as first-line
long-term prophylaxis

87% agreement, evidence level A

Appropriate vaccination for hepatitis A and B should be generally

considered for patients in regular/repeated administration of human
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plasma-derived products including C1 inhibitor.}*%4! Routine pro-
phylaxis with pdC1-INH has been shown to be safe and effective,
and it improves quality of life in patients with relatively frequent
HAE attacks compared with acute treatment of individual HAE
attacks, 210:222,223,225-227

Thromboembolic events due to C1-INH concentrate use in HAE
are rare, and patients who experience such events often have un-
derlying thromboembolic risk factors (eg, implanted central venous
catheters).228’233 There are no known interactions with other me-
dicinal products. Tachyphylaxis seems rare with only one report of
increasing doses required to prevent attacks when C1-INH concen-
trate is used regularly for prophylaxis.?®*

9.2 | Long-term prophylaxis with lanadelumab

Lanadelumab is a subcutaneously injectable, fully human, antiactive
plasma kallikrein monoclonal antibody (IgG1/x-light chain). It is a pre-
ferred LTP agent for the prevention of HAE attacks due to its efficacy
and the fact it is administered subcutaneously. We, therefore, rec-
ommend the use of lanadelumab as first-line LTP (Recommendation
16).19%235-237 |t is typically administered as 300 mg every 2 weeks;
however, a dosing interval of 300 mg every 4 weeks may be consid-
ered if a patient is well controlled (eg, attack free).}?¢2% |t appears
safe with the rate of adverse events not appreciably higher among
patients who received lanadelumab than among those who received

placebo.ic”s'204

RECOMMENDATION 16
We recommend the use of lanadelumab as first-line long-term
prophylaxis

89% agreement (strong recommendation), evidence level A

9.3 | Long-term prophylaxis with berotralstat

Berotralstat is a plasma kallikrein inhibitor that binds to plasma
kallikrein and inhibits its proteolytic activity. It is a preferred LTP
agent for the prevention of HAE attacks due to its efficacy and
the fact it is an oral medication (Recommendation 17).206:23%:240 ¢
is typically administered as 150 mg orally with food with dose re-
ductions to 110 mg in some regions where it is licensed based on
if there is hepatic impairment, use of P- glycoprotein or BCRP in-
hibitors (drug interactions) or patients experience gastrointestinal
symptoms on the 150-mg dose.?*! Berotralstat appears safe, with
the most common side effects being gastrointestinal reactions,
including abdominal pain, vomiting, and diarrhea, which occurred
more frequently in patients receiving 150 versus 110 mg or pla-
cebo.?° These reactions generally occurred early after initiation of
treatment with Berotralstat, became less frequent with time and

typically self-resolved.?4?243

RECOMMENDATION 17
We recommend the use of berotralstat as first-line long-term
prophylaxis

81% agreement, evidence level A

Taken together, this guideline recommends any of the three
medications for the first-line long-term prophylactic treatment of
patients with HAE-1/2, ie, plasma-derived C1-INH, lanadelumab and
berotralstat, based on the results of randomized controlled clini-
cal trials.126:205235.240 \Where all three first-line LTP medications are
available, the choice of which one to use should be made by shared
decision making.?** This guideline encourages studies that compare
the efficacy and safety of first-line LTP medications and the identi-
fication of predictors of treatment responses. Currently, there is not
enough evidence to recommend any of these three treatment options
over each other. Where none of the three recommended first-line LTP
treatments are available, efforts should aim to change this. Alternative
options for LTP, in the absence of all three first-line LTP treatments,
include the off-label use of intravenous recombinant C1-INH.24

Importantly, first-line LTP treatments should be initiated as ap-
proved. For lanadelumab, and to some extent for C1-INH, adapting
the dose and/or treatment interval, after achieving complete re-
sponse, can decrease treatment burden.?6?1%22% Changes in the
dose or the treatment intervals should be based on data obtained
using patient-reported outcome measures. Poor control should
prompt treatment optimization including consideration of switching

LTP medication to improve eﬁ’icacy.i(”g'zm’%é’247

9.4 | Long-term prophylaxis with androgens

Attenuated androgens have traditionally been used for long-term
prophylaxis of HAE-1/2248-252 Androgen derivatives have been dem-
onstrated to be effective in HAE-1/2, and the oral administration facil-
itates their use.2482%% However, androgens must be regarded critically,
especially in light of their adverse androgenic and anabolic effects,
drug interactions, and contraindications. Side effects are numerous
and involve most patients; in other words, the absence of side effectsis
exceptionaI.ZSO'254 Side effects appear to be dose-related. Virilization
is the most feared complication in women; menstrual disorders and
even amenorrhea as well as diminished libido and hirsutism are also

255-257

common, as are weight gain, headache, myalgia, depression,

and acne. Androgens may lead to virilization of the female fetus and
are, therefore, absolutely contraindicated during pregnancy.2°%2%? In
children and adolescents, therapy with androgens may interfere with
the natural growth and maturation process. In addition, androgens are
subject to numerous contraindications and show interactions with
many other drugs (eg, statins and antidepressants).?1%269261 Careful
surveillance is imperative in long-term prophylaxis with androgens.
In addition to clinical tests and examinations and questioning of the

patient, semiannual blood and urine tests (standard urine test strip)
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are needed, and at least once a year, an ultrasound of the liver should
be performed.?!1:260262.263 Bacause of this, androgens should not be
used as first-line LTP, and we recommend using them only as second-
line long-term prophylactic treatment (Recommendation 18).2°2264
RECOMMENDATION 18
We recommend the use of androgens only as second-line long-term
prophylaxis

89% agreement, evidence level C

The dose of androgens needed to control HAE attacks can vary
between the equivalent of 100 mg every other day and 200 mg of da-
nazol three times a day. The minimal effective dose should be used.”*”#
Dosages above 200 mg of danazol daily for extended periods of time
are not recommended, because of side effects.?9>%%¢ The response to
androgens varies considerably, and the dose required for long-term
prophylaxis is variable. For this reason, the dosage should be adjusted
according to clinical response and not C4 or C1-INH levels.>”2¢7 |t is
unclear if stopping long-term prophylaxis with attenuated androgens
should be done by tapering off gradually over time.?¢%282¢% Thjs
guideline encourages studies that will help to guide physicians and

patients on how to best discontinue androgen treatment.

9.5 | Long-term prophylaxis with antifibrinolytics

Antifibrinolytics such as tranexamic acid are not recommended for long-
term prophylaxis. Data for their efficacy are largely lacking, but some
patients may find them helpful.27°’274 They are primarily used where
first-line prophylactic treatment options are not available and androgens
are contraindicated. The safety profile of antifibrinolytics is good. The
most common side effect is gastrointestinal upset. Contraindications/
precautions include the presence of thrombophilia or increased throm-
botic risk or acute thrombosis, eg, deep venous thrombosis and pulmo-
nary embolism. The doses of tranexamic acid used range from 30 to
50 mg/kg body weight daily divided into two or three doses to a maxi-
mum of 6 g per day. Dose-ranging studies and comparisons with other

prophylactic medications have not been performed.6”272275:276

9.6 | Monitoring of long-term prophylaxis

Patients with HAE should monitor their disease activity, impact, and
control, and this is especially important in patients who use long-
term prophylactic treatment (Recommendation 19).184246.277-279
Validated patient-reported outcome measures such as the angi-
oedema activity score (AAS),192280 the hereditary angioedema
activity score (HAE-AS),*8¢ the angioedema quality of life question-
naire (AE-QolL),¥1193281 the hereditary angioedema quality of life
questionnaire (HAE-QoL),*®788 and the angioedema control test
(AECT)'®71%0 are available in a wide range of languages and should
be used for this purpose.277'282 The aims of effective HAE treatment,
ie, the absence of attacks, normalization of QoL, and complete con-

trol, are best achieved when assessed by appropriate tools.

Monitoring of HAE disease activity is based on the regular as-
sessment and documentation of attacks by the patient. As HAE ac-
tivity can change frequently, it is best measured by advising patients
to document their attacks continuously, for example, with the help
of the AAS.2412 The AAS has been translated into more than 80 lan-
guages for use in more than 50 countries and is a valid and reliable
instrument, with high convergent and known-group validities, excel-
lent internal consistency, and good test-retest reliability?®® The AAS
and other disease activity scores are widely used in clinical studies
and routine clinical practice.283’284

High HAE disease activity often comes with low QoL. However,
some patients with low attack rates also have markedly impaired
Qol, possibly linked to the unpredictability of HAE and continuous
fear of attacks, the need to avoid triggers of attacks, psychological
distress due to chronic disease burden, and the presence of comor-
bid diseases, such as depression and anxiety, which are common in
HAE patients.?” It is, therefore, important for patients and their
physicians to assess the impact of HAE on Qol, in addition to disease
activity. Validated PROMs for the evaluation of HAE-driven QoL im-
pairment include the HAE-QoL and AE-QoL 187:188.191,193,281 gty
are used in clinical practice and trials of HAE therapies.195'240'285'287

The assessment of HAE disease control is done with the AECT.
The four questions of the AECT address the frequency of symptomes,
QoL impairment, the unpredictability of episodes, and the level of
control achieved by current therapy. Responses use a 5-point Likert
scale and are scored from O to 4 points, with a minimum and maxi-
mum total score of O (no control) and 16 (complete control), respec-
tively. The higher the AECT score the better the control of HAE. The
AECT comes with high levels of internal consistency and test-retest
reliability and a cut-off value of 10 points to distinguish patients
with poorly controlled and well-controlled HAE.'®%7° The AECT is
available in two versions, one with a recall period of 4 weeks and
the other with a recall period of 3 months. Both yield largely similar
results, are easy to administer, complete, and score, and can help to
guide treatment decisions in HAE.

RECOMMENDATION 19

We suggest all patients who are using long-term prophylaxis be
routinely monitored for disease activity, impact, and control to
inform optimization of treatment dosages and outcomes

98% agreement, evidence level A

10 | MANAGEMENT OF HAE-1/2 IN
CHILDREN

10.1 | Course and clinical picture in children with
HAE

The gene defect (SERPING1 mutation) of HAE-1/2 is already pre-
sent at birth, but symptoms are uncommon in neonates and infants.
Attacks can first occur at any age but usually start in childhood or
adolescence. Half of all female HAE patients develop first attacks
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before the age of 12, and 90% by the time they are 23 years old. Of
male patients with HAE, 50% and 90% have first attacks before the
age of 13 and 25, respectively.288 Most attacks and most first at-
tacks, in children, manifest with angioedema of the skin. Abdominal
attacks may often go unrecognized in children, as abdominal pain
is common in childhood. With angioedema of the upper airway,
asphyxia can ensue rapidly in children, probably because of the
small airway diameter.?®? The earliest occurrence was described
in a 4-week-old boy.“’1 The frequency and the severity of attacks
may increase during puberty and adolescence. The earlier the onset
of symptoms, the more severe the subsequent course of HAE-
1/2.290291 Erythema marginatum as a prodromal sign is more fre-
quent in the pediatric population and occurs in 42%-58% of cases.
It is often misdiagnosed as urticaria, which can lead to incorrect or

insufficient treatment,87:27%276,292-298

10.2 | Diagnosis of HAE in children

With autosomal dominant inheritance, the offspring of a patient with
HAE-1/2 stands a 50% chance of inheriting the disease. Newborns
with a positive family history are considered potentially affected
until HAE-C1-INH is excluded and must be well observed and tested
as early as possible, ideally before the onset of clinical manifesta-
tions, to ensure optimal management of the disease.?’’ Therefore,
we recommend testing children of parents with HAE-1/2 as early
as possible (Recommendation 20)‘70’297'300'302 Until a full investi-
gation for HAE-1/2 is complete, all offspring of parents with HAE-
1/2 should be considered to also have the disease.

RECOMMENDATION 20

We recommend testing children from HAE-affected families be
carried out as soon as possible and all offspring of an affected
parent be tested

98% agreement, evidence level D

Complement levels measured in the umbilical cord blood of full-
term neonates are lower than maternal levels. Antigenic and func-
tional C1-INH levels correspond to 70% and 62% of adult values,
respectively.zc”7’3°1'303 Therefore, using umbilical cord blood for com-
plement measurements may produce false-positive (low) results. The
assessment of complement in peripheral venous blood (serum/plasma)
in children lacks reference values. However, C1-INH antigenic levels
and/or functional activity in children with HAE-1/2, who are <1 year
old, are low, with exceptions.m’300 In contrast, the measurement of
C4 was found not to be useful for diagnosing HAE-1/2 in children
below the age of 12 months, as C4 levels are frequently low in healthy
infants.”%3%° Genetic testing increases the diagnostic reliability in
children and may be helpful where biochemical measurements are in-
conclusive,, and the genetic mutation of the parent is known.”%:297,:300
All early complement testing performed in offspring of HAE-1/2 pa-
tients should be repeated after the age of 1 year.7°'275’297'300'304

Prenatal diagnosis of HAE-1/2 is not common in clinical prac-
tice.??? Reasons include that (1) mutations in affected parent C1-INH

gene are not detected in up to 10% of cases, (2) identical mutations
may be associated with substantially different phenotypes, and (3)
advances in therapy have significantly improved the QoL and dis-
ease control of patients with HAE-1/2.4%72275.305.306

Measurements of C1-INH antigen (protein) level, C1-INH func-
tional (activity) level, and C4 level are advisable in children with an-

gioedema without wheals.

10.3 | Therapy of HAE in children

Like adults, all pediatric HAE-1/2 patients need to have a treatment
action plan (see below) and on-demand therapy (Recommendation
21) 143214307309 c1.INH and icatibant are the only approved on-
demand treatments for children with HAE-1/2.116117119120 Both are
effective, well tolerated and show a good safety profile. For abdominal
attacks, parenteral fluid replacement may be required as children are
more susceptible to hypovolemia and dehydration, and extravasation
into the peritoneal cavity and the intestinal lumen can be substantial.
When C1-INH and icatibant are not available, SDP is preferred over
FFP, but both are considered second-line treatment. Ecallantide is li-
censed for the use in adolescents in the United States.!*8

RECOMMENDATION 21

We recommend C1 inhibitor or icatibant be used for the treatment

of attacks in children under the age of 12

94% agreement, evidence level A

As in adults, preprocedural prophylaxis is recommended for med-
ical, surgical, and dental procedures associated with any mechanical
impact to the upper aerodigestive tract.!6>!%° Plasma-derived C1-
INH is the first-line preprocedural prophylactic option, and short
courses of attenuated androgens should only be used second line,
when C1-INH concentrate is not available. With either option, on-
demand therapy should be available because short-term prophylaxis
is not 100% effective.1%®

The indications for long-term prophylaxis in adolescents are
the same as in adults (see above). The preferred therapy in children
younger than 12 years of age for long-term prophylaxis is pdC1-INH.
The dosing interval and dose may need to be adjusted according
to the individual response. When C1-INH concentrate is not avail-
able for long-term prophylaxis, antifibrinolytics (ie, tranexamic acid
20-50 mg/kg) are preferred to androgens because of their better
safety profile; however, efficacy is questioned by many, and data
in support of its use are not available. Epsilon aminocaproic acid is
less well tolerated than tranexamic acid. Androgens are not recom-
mended for long-term prophylaxis in children and adolescents prior
to Tanner Stage V. The administration of androgens requires careful
safety monitoring. The continued need for regular prophylaxis with
androgens and the dosing should be reviewed on a regular basis.
Initial danazol dose for children is 2.5 mg/kg per day with subse-
quent adjustment, until symptom suppression or the maximum tol-
erated, or maximum recommended dose is reached, with a maximum

single dose of 200 mg per day. Androgens result in masculinization

858017 SUOWILLIOD @A 18810 3(edldde aus Aq pauienob ae sajoie YO ‘85N JO SaInJ o A%eid18uluO A8]IM UO (SUORPUOO-PUB-SW.BI W00 A8 | 1M AeIq 1jpu1|UO//SdNL) SUORIPUOD PUe SWLB | 8L 88S *[220Z/TT/9T] Uo Ariqi]auljuo A[IM ‘UizipeuwsiselseAluN - 91eyd Ad vTZST [R/TTTT'OT/I0p/L00" A3 |1M Ake.q 1 |pul|uo//:Sdny Wwoly pepeoiumod . ‘220z ‘S666865T



MAURER ET AL.

and hypogonadism in boys and menstruation irregularities in girls.
Unfavorable effects on behavior are possible. Reduction in ultimate
body height may occur owing to the premature closure of epiphyseal

gl’OWth plates 6,7,297-299,310,311

10.4 | Primary prevention and other management
considerations in children with HAE

As in adults, most attacks in children with HAE-1/2 occur without an
obvious trigger.3*? Infections seem to be more common triggers of at-
tacks in childhood. Compulsory and recommended vaccinations for
children are safe, and the prevention of infections (eg, throat infec-
tions) may reduce the frequency of attacks. Medicinal products that
can cause edema as an adverse effect are less frequently used in chil-
dren. Treatment with an ACE inhibitor is less often necessary during
childhood. However, early initiation of oral estrogen-containing con-
traceptives is increasingly common, may trigger attacks and should be
avoided. Hormonal contraception with progesterone-only pills may
benefit many young women with HAE-1/2%7>313314 o 4t |east should
not increase attack frequency. Other triggers like strenuous physical
activities involving mechanical trauma and emotional challenges (stress)
are essential elements of childhood and adolescence.®!® Restrictions of
suspected triggers should be individualized and sensibly applied, along
with the use of prophylaxis where necessary, with the aim of avoiding
any limitations in activities and lifestyle. The aim of HAE-1/2 manage-
ment at all ages is to normalize the lives of patients.297’316

Providing pediatric patients and their families with appropri-
ate information is indispensable to support them to adopt a suit-
able lifestyle and to avoid complications. Educators, teachers, and
health care personnel responsible for the child at day care or school
should receive written information on the disease, with advice on
the management of HAE attacks, including the urgency of treatment
for airway attacks. C1-INH or icatibant for emergency use should be
available at home, school, and travel including school field trips. An
action plan is necessary, and the family and local hospital should have
therapies available for emergency treatment, and this should be in-
cluded in the treatment plan. All HAE patients have a potential for
receiving human blood products. Vaccinations for hepatitis A and B
are recommended by many experts.295'297 All patients should be con-
sidered to receive influenza vaccine and other routine vaccinations.

11 | MANAGEMENT OF HAE-1/2 IN
PREGNANT AND BREASTFEEDING
PATIENTS

11.1 | Course and clinical picture in pregnant and
breastfeeding patients with HAE

The anatomical, physiological, and hormonal changes during preg-
nancy may influence the manifestations and affect the course and
treatment of HAE-1/2. Pregnancy can mitigate or aggravate HAE

disease activity or have no effect. Infrequently, the manifestations
of HAE-1/2 first occur during pregnancy. Attack frequency observed
during previous pregnancies is only in part predictive of that in sub-
sequent ones.’Y%2! pregnant HAE-1/2 patients require vigilant
care and meticulous monitoring by an HAE expert. Patients should
be managed in close cooperation by professionals from relevant
medical specialties. Labor and delivery only rarely induce an attack,
which may occur either during labor or within 48 h of delivery. Close
follow-up is recommended for at least 72 h postpartum after un-
complicated vaginal delivery. Breastfeeding may be associated with
an increased number of maternal attacks, with abdominal symptoms
and facial edema, but is recommended based on benefits provided
to the infant.?”>317318322 Cyre for C-section, especially if intubation
is necessary, should proceed as in any other surgical procedure per-

formed on a patient with HAE-1/2 as covered below.

11.2 | Diagnosis of HAE in pregnant and
breastfeeding patients with HAE

In healthy women, the plasma levels of C1-INH decrease during
pregnancy and return to normal after delivery.32>%?* Therefore,
measurements of levels of C1-INH function, C1-INH protein and C4
for the purpose of diagnosing HAE-1/2 during pregnancy should be
interpreted with caution. It is recommended to repeat the measure-
ments after childbirth to confirm the diagnosis of HAE.?7>322

11.3 | Therapy of HAE in pregnant and
breastfeeding patients with HAE

C1-INH is recommended as first-line therapy for pregnant or breast-
feeding HAE-1/2 patients asitis safe and effective (Recommendation
22).222325-329 The yse of ecallantide, lanadelumab and berotralstat
in pregnancy is off label and not recommended as no published ex-
perience is available as of now. Although contraindicated by label,
there are isolated case reports about the administration of icati-
bant during pregnancy with no maternal or fetal adverse effects
reported.33°’332 SDP may be used when C1-INH is not available and

fresh frozen plasma when SDP is not available,?”>317-319.333-357

RECOMMENDATION 22
We recommend plasma-derived C1 inhibitor as the preferred
therapy during pregnancy and lactation

100% agreement, evidence level D

Preprocedural prophylaxis in pregnancy is recommended, pref-
erably with C1-INH, for interventions that come with a risk of at-
tacks such as chorionic villus sampling, amniocentesis, and induced
surgical abortion. Alternatively, C1-INH should be available and ad-
ministered immediately at the onset of an attack. It is recommended
to manage childbirth in the hospital setting unless robust measures
for the prompt and effective treatment of HAE attacks are avail-
able. Although mechanical trauma and stress are known to trigger
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attacks, few women develop angioedema during labor and deliv-
ery.?”>3Y Therefore, routine administration of preprocedural pro-
phylaxis before uncomplicated natural delivery is not mandatory, but
C1-INH concentrate should be available for immediate on-demand
use. Administering C1-INH concentrate as preprocedural prophylaxis
is recommended before labor and delivery when symptoms have
been recurring frequently during the third trimester, and the patient's
history includes genital edema caused by mechanical trauma, during
forceps delivery or vacuum extraction. Vaginal delivery is preferred
because surgery or general anasthesia may involve endotracheal in-
tubation. Preprocedural prophylaxis with C1-INH and epidural anas-
thesia is recommended before a cesarean section, and intubation
should be avoided if possible. If intubation is planned, preprocedural
prophylaxis is mandatory (see recommendation 10 and 11).

LTP may become indicated during pregnancy, especially in
women experiencing an increase of attack frequency. In these
women, C1-INH is considered a safe and effective prophylactic
treatment option.3'® Antifibrinolytics may be considered if C1-INH
concentrate is unavailable, but efficacy is not proven.?’>322:337.338
Androgens are contraindicated, as these drugs cross the placenta.
The most common adverse effects is masculinization of the female
fetus.2°8:257 Breastfeeding should be discontinued before andro-
gens are introduced. Terminating lactation itself may reduce attack
frequency.’*®

Plasma-derived C1-INH is considered the best therapy for on-
demand treatment, short-term prophylaxis and long-term prophy-
laxis when indicated during lactation. Androgens and antifibrinolytics
are secreted in breast milk. In contrast to androgens, tranexamic acid
was found to be safe during breastfeeding.®%’

12 | PATIENT SUPPORT, HOME THERAPY,
AND SELF-ADMINISTRATION, AND OTHER
MANAGEMENT CONSIDERATIONS

12.1 | Patient support

Patient organizations and support groups provide help and support
for HAE patients, caregivers and family members. They endorse that
all patients worldwide should have sufficient resources to control
their HAE symptoms and fulfill their potential at school, at work and in
their relationships. HAEI, the international umbrella organization for
the world's HAE patient groups, and national HAE associations have
active informative web sites for patients and health care providers.
HAEI has launched a “call to action” aimed at increasing the aware-
ness and knowledge on HAE with governments, health authorities,
and health care professionals and to achieve recognition of HAE as a
serious, disabling, potentially life-threatening, and chronic condition
that must receive timely accurate diagnosis and effective treatment.

Patient organizations also work toward identifying and address-
ing unmet needs in HAE management, which include the develop-
ment of safe and well-tolerated new prophylactic and on-demand
therapies, the optimization of existing long-term prophylactic and

on-demand therapies (eg, by dose-ranging studies and pediatric
studies), increasing the availability of modern treatment options
worldwide, especially in low-income countries, emphasizing the
need for self-care, individual action plans, early therapy, and re-
search. Information obtained from the internet is not always accu-
rate and reliable; however, HAEi provides reviewed, updated, and
scientifically sound information and is a quality source for patient

education.

12.2 | Individualized action and treatment plans
for patients with HAE

Because HAE-1/2 is an unpredictable, painful, and life-threatening
condition that can incur a huge stressful burden on patients and
their families, an individualized treatment plan should be care-
fully developed by shared decision making (Recommendation
23).4176,226,279,340-346 | dividualized treatment plans should address
preventive measures as well as home care and self-administration. It
should include an effective emergency (on-demand) treatment plan,
with clear instructions on how to best use medications to treat HAE
attacks. Patients should carry on-demand medication and an HAE
identification card with instructions on how to manage an HAE at-
tack. Patients on long-term prophylaxis also require an action plan
and available therapy for on-demand use.34’-3%C

Patients should be appropriately prepared for surgery, dental
work and procedures, and also surgeons, dentists, and procedural-
ists should be informed about the need of a short-term prophylaxis if
the procedure is in proximation of the airway. Co-management with

an HAE expert is recommended.344

RECOMMENDATION 23

We recommend that all patients have an action plan

98% agreement, evidence level D

HAE is a rare, complex, unpredictable life-long, and devastating
disease, with impact on life. Effective HAE management requires
comprehensive and integrated care, which should be available for
all patients (Recommendation 24).176:277:346.351-354 |qtegrated HAE
management aims to achieve improved patient care through opti-
mized coordination of services provided. It helps improve patient
outcomes and allows for a proactive approach to the identification,
prevention, and management of potential complications.

RECOMMENDATION 24

We recommend that HAE-specific comprehensive, integrated care
is available for all patients

100% agreement, evidence level D

12.3 | The need for specialist care in HAE

HAE-1/2 patients are encouraged to find a health care provider
with HAE-specific knowledge, interest, expertise, and experience.
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All patients with HAE should be treated by a specialist with specific
expertise in HAE (Recommendation 25).4'176'244’297'34‘3’347'355

There are several barriers for HAE patients to obtain optimal
care. They include long delays in obtaining the correct diagnosis,
physicians with little HAE knowledge and experience, not enough
time allocated for their visits and communication with their physi-
cian, disconnects between patients’ beliefs, expectations, and prior-
ities and those of their physicians, administrative and payer-related
requirements for obtaining appropriate treatment, and the lack of
therapies in their country. Cost and access may also be an issue for
patients. HAE expert physicians can help to overcome these barri-
ers. When and where possible, care should be provided by compre-
hensive angioedema centers with expertise in HAE. This guideline
acknowledges the fact that there are not enough HAE expert phy-
sicians and angioedema centers, globally, and supports all efforts to
change this, for example, through the GA2LEN/HAEi network of an-
gioedema centers of reference and excellence (ACARE).3>¢

It is recommended that HAE patients have a medical evalua-
tion at least annually. Newly diagnosed patients and those on long-
term prophylaxis should be seen in shorter intervals, until control is
achieved. Patients on androgens should continue to be seen twice
a year.262 Evaluation at follow-up visits should include a review of
patient-documented disease activity, impact and control and of the
frequency of use and effectiveness of on-demand treatment for
swelling attacks. A physical examination and appropriate laboratory
evaluation should be conducted.?””343

Emergency departments and other medical treatment facilities
that provide acute care are strongly advised to develop and im-
plement angioedema management algorithms and train their staff
to effectively recognize and treat laryngeal and abdominal HAE

attacks.3°7-360

RECOMMENDATION 25
We recommend that patients are treated by a specialist with
specific expertise in managing HAE

100% agreement, evidence level D

12.4 | Home therapy and self-administration

Self-administration is crucial for an effective on-demand therapy
as early treatment of an attack. This effect is independent of the
on-demand medication used and facilitated by the skill of the self-
administrator or home therapy partner.”110:340.352.361-363 gimijarly,
self-administration facilitates long-term prophylaxis. Every pa-
tient with HAE should be considered for home therapy and self-
administration. All patients who are provided with on-demand
treatment licensed for self-administration should be taught to self-
administer (Recommendation 26).111,363:364

Having to attend a medical facility to receive on-demand medi-
cation may result in delayed treatment, prolonged observation and
inappropriate therapy. Self-administration training should ideally

include a home therapy partner, ie, a family member or friend who

can provide support, advice and administration of therapy when
the patient is compromised or unable or uncomfortable with self-
treatment. Home therapy decreases the severity and duration of
HAE attacks, reduces morbidity and disability, and can improve qual-
ity of life and productivity. In addition, the cost of care is reduced

considerably using home and self-therapy.”210:350.365-373

RECOMMENDATION 26

We recommend that all patients who are provided with on-demand
treatment licensed for self-administration should be taught to
self-administer

98% agreement, evidence level C

Home therapy is also suitable for children with HAE, where a
responsible adult is available and willing to undertake training.
Experience with hemophilia suggests that it is beneficial for children
to be encouraged to take an active part early in their treatment, and
subcutaneous and intravenous self-administration has been demon-
strated to be possible and safe in patients as young as 8 years.3¢>374
Advanced age is not a contraindication for home therapy if patients
and/or home therapy partners can safely and effectively administer
the treatment. The subcutaneous route may provide more conve-
nient administration in all age groups.

Early treatment is crucial in cases of upper airway involvement
(eg, tongue, posterior pharyngeal, uvula, larynx and vocal cords).
Patients should self-administer treatment while awaiting transfer to
the hospital. It is extremely important to encourage all patients to
seek further care immediately after the administration of therapy.
Upper airway swelling may progress or rebound and repeat dosing
may be necessary. Seeking emergency care after therapy is essential
to reduce the risk of asphyxia.

12.5 | Avoidance of triggers of HAE attacks

A variety of conditions and events are known to trigger HAE at-
tacks. Trauma, whether accidental or associated with dental, medical
and surgical procedures may result in a swelling attack. The use of
estrogen-containing oral contraceptive agents and estrogen hormone
replacement therapy may trigger attacks and should be avoided.
Hormonal contraception with progesterone-only pills may be benefi-
cial for many women with HAE-1/2.27>313314 Antihypertensive agents
containing ACE inhibitors may increase the frequency or precipitate
HAE attacks and should therefore be strictly avoided. Other reported
triggers include psychological stress, fatigue, febrile iliness and the
menstrual cycle. All patients with HAE should be educated about trig-

gers that may induce attacks (Recommendation 27).4176:342,349.375-377

RECOMMENDATION 27

We recommend that all patients should be educated about triggers
that may induce attacks

100% agreement, evidence level D

Patients should be made aware of potentially relevant triggers
of symptoms to reduce precipitation of attacks. However, most

858017 SUOWILLIOD @A 18810 3(edldde aus Aq pauienob ae sajoie YO ‘85N JO SaInJ o A%eid18uluO A8]IM UO (SUORPUOO-PUB-SW.BI W00 A8 | 1M AeIq 1jpu1|UO//SdNL) SUORIPUOD PUe SWLB | 8L 88S *[220Z/TT/9T] Uo Ariqi]auljuo A[IM ‘UizipeuwsiselseAluN - 91eyd Ad vTZST [R/TTTT'OT/I0p/L00" A3 |1M Ake.q 1 |pul|uo//:Sdny Wwoly pepeoiumod . ‘220z ‘S666865T



MAURER ET AL.

attacks are unpredictable and not prompted by triggers. Therefore,
physicians should not support excessive avoidance of suspected
triggers, in order not to limit the patient's normal life. Influenza
vaccine may reduce upper airway infections and possibly reduce
upper airway swelling. Good dental care can reduce extractions,
need for aggressive dental procedures and prevent acute or
chronic intraoral inflammation, which may reduce the threshold for
attacks 164167.312,315,378,379

The severe acute respiratory syndrome coronavirus type 2
(SARS-CoV-2) disease COVID-19 pandemic has raised many ques-
tions and created uncertainty among patients with HAE and their
health care providers. Questions are primarily related to the risk of
infection, the risk of increased severity of COVID-19 disease, the risk
of an increase in activity of HAE disease due to SARS-CoV-2 infec-
tion, modification of COVID-19 by therapies approved for HAE and
effects of COVID-19 vaccines on patients with HAE. To date, there
are minimal data available to answer these questions and address
these concerns. Initial data from Brazil, France and Turkey showed
no significant increase in HAE-1/2 activity during or after COVID-19,
although some patients who were only using on-demand therapy
did report increased HAE activity.38°'383 A manuscript, in press,
using the database of the HAE-A demonstrated no evidence that
HAE patients were at greater risk for infection or for serious infec-
tion, nor adverse effects to the vaccine. In a recent survey from the
Netherlands, following 111 COVID-19 vaccine doses administered,
11 attacks were reported, six arose more than 48 h after vaccina-
tion. Seven attacks were reported to be mild, four were assessed as
moderate, and most were treated with on-demand medication. The
majority of the attacks occurred in patients whose disease was not
well controlled (AECT < 10).%84 These initial data underscore the im-
portance of optimal control of HAE-1/2 disease, particularly during
the pandemic, first to minimize the attack rate and second to reduce
the need to visit emergency treatment facilities due to the poten-
tially increased risk of COVID-19 infection.

12.6 | Family screening in HAE

HAE-1/2 is a genetic disorder with autosomal dominant trans-
mission. Family members including grandparents, parents, sib-
lings, children and grandchildren of HAE-1/2 patients should be
screened for C1-INH function, C1-INH protein and C4 plasma levels
(Recommendation 28).4176:297:355.385-387 pya|ayed diagnosis leads to
morbidity and decreased quality of life due to delayed introduction
of appropriate therapy. There is a risk that the first HAE attack may
affect the airway or the abdomen and could cause asphyxia or un-
necessary surgery,"’7 Once HAE is diagnosed, on-demand therapy
should be prescribed to be available for the first and subsequent at-

tacks, even if attacks have not yet occurred.
RECOMMENDATION 28

We recommend screening family members of patients for HAE

100% agreement, evidence level D
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